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the early stages, no doubt melts again. A stage is
reached, however, when the broken crust falling into the
ingot does not re-melt, but is disseminated as solid pieces
through the fluid kernel. Together with the other solid
particles described above, these pieces of broken crust
act as centres of solidification for the remaining fluid
steel. Round each solid particle, which may be quite
small, the fluid steel begins to solidify and to crystallise.

The same result would be obtained within the ingot
even if there were no foreign particles to act as nuclei
for the crystallisation. This is due to the fact that
when the temperature of the metal in the interior of
the ingot has fallen to a certain point, the steel tends to
form crystals in other ways than by increasing the growth
of the columnar crystals already started. The tempera-
ture of the layer of steel around the inner ends of the
columnar crystals is so near to the freezing-point that
solidification " cannot wait " for the slower growth and
formation of the comparatively large and perfect columnar
crystals, but must proceed as best it can. It does so,
therefore, by the formation of a large number of small
crystals, just as would occur if the conditions described
above were in operation.

Since the crystals forming in the kernel of the ingot
have equal freedom of growth in all directions, they do
not arrange themselves in any particular way in relation
to the sides of the ingot mould, as happened with the
first formed columnar crystals. They can grow more or
less according to their wishes, and the only hindrance to
their extension in any direction is by collision with a
neighbouring crystal. The result is that the core of
the ingot becomes filled with a higgledy-piggledy arrange-
ment of short crystals having no fixed orientation. This
collection of stumpy crystals will grow at more or less
equal rates in all parts of the fluid interior, and at any
particular level in the ingot (except in the uppermost
parts of the ingot, where the layers of steel are affected
by shrinkage and the formation of pipe, etc.) will extend